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Abstract Using some simple well known expressions, the three indepcndeni elastic
constants C jj, and C44 of sobd solutions of alkali halides have been expressed intcim iaf 
those of the constituent alkab habdes, ihcir molecular fractions and lattice constants. The values 
obtained for Cj,, Ci2 «nd C 44 are in nice agreement with the cxpcrimenuil values for NaCl-NaBr. 
KCl-Kflr and KUr-Kl systems
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In view of much imfK)riance of solid solutions of alkali halides, ihcorciical prediction of its 
different physical properties has attracted much attention (fl| and references therein). Elastic 
constants of solid solutions of alkali halides arc important parameters from which bulk 
modulus, Young's modulus, Poisson's ratio, etc. can be calculated. Using different models 
(or dilTcrcni potential functions, elastic constants of solid solutions of alkali halides have been 
calculated by many authors (1 2 ] and references therein) yielding different values with different 
order of agreement with experimental daiti. In this communication, an attempt has been made 
to derive expressions for the three single crystal elastic constants C^ , C12 and C44 ol solid 
solutions of alkali halides in icrnis of those of the constituent alkali halides and other physical 
parameters using some simple well-known relationships. We begin with the well known 
Vegard's law [3] given by
a = x(i\ ^ yai (^ )
where a is the lattice constant of the solid solution of the constituent alkali halide compounds 
1 and 2  combined in the molecular proportion x ; y so that x-^ y = 1 having lattice consumt a] 
and (i2 respectively. Although eq. (1) is an cmpcrical one, its validity for the case of solid 
solutions oi alkali halide crystals have been successfully tested by many authors |4-8].
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Diffcreniiaiing cq. (1) with respect to pressure P, we write.
da
= JC- da^
~dP dP (2)
Now, the volume V for cubic materials is given by V -  (t is a factor involving the
symmetry of the crystal and is constant for a given crystal type like fee or bee etc.) and
1 d\^compressibility Khy
da aK
(3)dP 3 
Substitution of eq. (3) in eq. (2) yields,
aK -  xa^K^-^ (4)
where K, K) and K 2 arc the compressibilities of the solid solution, compound 1 aiid 
compound 2 respectively. \
The compressibility K of a material ofalomic/molccular weight M. and density p is 
related to the Debye temperature 0 through the relation [9]
_____
(5)
K =
where A is the constant and /  is a function of Poisson's ratio, v, given by
4(1 + V)
f  = '
1 + V/
3(1 - V) 3(1 -  2 v')
The value of Poisson's ratio is nearly the same for all the alkali halide crysuils and for all 
practical purposes we consider/to be constant. Now substitution of cq. (5) in (4) and again 
writing for cubic materials V -  gives
a ^ A r ' 0 - ^  =  ‘ +  yalMl^e^^ (6)
where M = xM^ + y/V/2. ^nd M2 arc the molecular weight of the .solid solution having 
Debye temperature 0, compound I having Debye temperature 0] and compound 2 having 
Debye temperature 0? rc.spectively.
Now, to derive expressions for the clastic constants of the solid solutions of alkali 
halides we make use of the relationship connecting the ncarcsi neighbour control force 
consuint a  to Debye temperature given by [10)
a -  uM 6  ^ (7)
where u is a constant for a particular type of lattice i,e. it has the same value for, say, fee 
lattice. If wc assume that the next nearest neighbour central force constant p  and nearest 
neighbour angular force constant /  obey the same type of relationship like cq. (7) with 
different values of con.stants, wc may wriic
P = v M 0  ^ («)
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(9)
C]2 and C44 arc related to the force
(10)
( 11)
( 12)
(13)
Y =  wM 9 .^
The three independent single crystal clastic constants Q, 
constants a ,  ^  and /  through the expressions [11],
«Cii = 2 a  + 4/J + 2y, 
aC \2 = a -S y , 
flC44 = a  + 3y,
[Offer, lattice.
From eqs. (7) -  (9) we may write.
«C„ = 7M02
where T=2u + 4v +2w has the same value for the solid solution as well as the compounds 
since all those for alkali halides have fee structure. Now writing M6  ^ » from
eq. (13) substituting in eq. (6) gives,
aCf|‘ = + y«2Q T ‘ (14)
C|i IS ihe clastic constant of the solid solution and prime (') and double prime {") refers to 
Cn for compounds I and 2 respectively. Again using eqs. (7), (8), (9) and (11) and (7), (8),
(9) and (12) we obtain the similar expressions as eq. (14) for C 12 and C44 given by
aC,~2 XU] C,7 ‘ + yfl2C iT '. (15)
riC j = xa^C^' + y«2C^ ' • (16)
Eqs (14), (15) and (Ki) represent ihc expressions for the clastic conslanis Cn , C12 and 
of the solid solutions of alkali halide compounds in terms of those of the constituent alkali 
halides, their molar fractions and lattice constants. All these values for the alkali halides arc 
known. Hence, the clastic constants may be calculated for the solid solutions at any 
concentration of the componenis.
Table I shows the values of C’n , C12 and C44 for the solid solutions of NaCI-NaBr, 
KCI-KRr and KBr-Kl systems calculated using eqs. (14), (15) and (16) alongwith their 
respective experimental values. The values of lattice constants of the constituents are taken 
from Tosi [12]. The agreement between the calculated and experimental values arc excellent. 
This shows the validity of the expressions for clastic constants of the solid solutions of alkali 
halides derived in this communication.
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Table 1. Blasiic consianis of solid soluuons of alkali halides.
System Molecular 
fraction (%)
Hlasbc constant *(10*^  dyncs/cm )^
Calc. Expt. Calc. Expt. Calc. liXpl.
NaQ-NaBr
KQ-KBr
KBr^KI
inONaCl 
90NaCl 
83 NaCl 
74 NaQ 
64NaQ 
54 NaCl
45 NaCl 
30 NaCl 
17 NaCl
lOONaHr 
100 KCI 
94 KCI 
87 KCI 
62 KCI
46 KCI
39 KCI 
29 KCI 
15 KCJ
100 KBr 
l(K)KBr 
90 KBr 
85 KBr 
78 KBr 
71 KBr 
60 KBr 
52 KBr
40 KBr 
20 KBr 
10 KBr 
100 K1
4.473 
4.398 
4.307 
4.211 
4.120 
4 042 
3.921 
3.823
3.796 
3 749 
3.591 
3.498 
3 459 
3 406 
3 335
3.173
3.131
3.073
3.018
2.937
2.882
2.803
2.684
2.629
4.585 
4.497 
4.435 
4.356 
4.268 
4.180 
4.KK) 
3.968 
3.854 
3.704 
3.838 
3.804 
3.763 
3.620 
3.528 
3.487 
3 430 
3 349 
3 263 
3 263 
3 194 
3.160 
3 112 
3.064 
2 989 
2.934 
2.851 
2.714 
2.646 
2.577
1240 
1.224 
1.203 
1 182 
1 162 
1.144 
1.116 
1.094
0.674 
0 664 
0.631 
0.612 
0.604 
0.593 
0.579
0.550
0.543
0..534
0.526
0.513
0.504
0.491
0.472
0.463
0.455
1.264 
1.244 
1.230 
1.213 
1.193 
1 173 
1 155 
1.125 
l.lOO 
1 066 
0.683 
0,676 
0.668 
0.638 
0.619 
0.610 
0.599 
0.582 
0 564 
0.564 
0.5.53 
0.548 
0.540 
0.532 
0.520 
0.512 
0.499 
0.477 
0.466 
0.455
1.229 
1.205 
1 176 
1.146 
1.118 
1.0^ >4 
1.056 
1.026
0.623 
0.612 
0.575 
0.555 
0.546 
0 535 
0.519
0 485 
0 476 
0 465 
0.454 
0.438 
0.427 
0.412 
0.390 
0.380
1.265 
1.238 
1.218 
1.194 
1 166 
1.139 
1 114 
1.073 
1.037 
0 990 
0.633 
0.625 
0.616 
0.584 
0.563 
0.554 
0 541 
' 0 523 
0.504 
0514 
0 491 
0.484 
0.475 
0.465 
0.450 
0.440 
0.424 
0 397 
0.383 
0.370
* 'Ihc cxpcnnicnial values arc taken from Srivasiava (13J.
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